H um an in vitro fertilization has becom e a widely accepted m ethod of treatm en t for infertile couples. The list of indications for this technique is rapidly grow ing and includes oligosperm ia, en d om etriosis, and u n e x plained infertility. The techniques of follicular recruitm ent, ovum m atu ration, and follicular aspiration, as well as laboratory culture techniques, are described. T he various factors to be taken into consideration w hen trying to assess possible success of in vitro fertilization and em bryo transfer are discussed in this paper.
D u rin g th e p ren a tal p erio d , oocytes are arrested in th e prophase of the first m eiotic division. As th e graafian follicle m atures, th e oocyte contained w ithin it is reactiv ated and m eiosis is resum ed. W ith th e in flu e n ce of lu tein izin g h o r m one (LH), a m eiosis in h ib itin g factor (MIF) is overcom e and meiosis resum ed. Excess chrom otin m aterial is abstricted from the oocyte as th e first polar body. Upon ovum release, sperm atozoa, which h av e a lre ad y c o m p le te d th e ir m eio tic division and have undergone a process of "capacitation", traverse th e cum ulus oophorus, corona radiata, zona pellucida, and finally e n te r th e v ite llu s . At this p o in t, a se co n d p o la r b o d y is form ed. O nce fertilization has occurred, male and female pronuclei are form ed by decon densation of the com pacted haploid chro m osom es d e riv e d from th e m ale and female nuclei. In the hum an, the female * To whom request for copies should be addressed.
an d m ale p ro n u c le i jo in to g e th e r in a process of syngamy and a norm al chro mosome com plem ent of 46 chrom osom es is realized. In th e absence of fertilization, cytolysis of the oocyte occurs in approx im ately 15 to 18 hours.
T h re e days follow ing o v u latio n , th e conceptus com pletes its journey through th e fallopian tu b e and enters the uterine cavity. Im plantation is thought to occur on approxim ately th e seventh postovu latory day. T he techniques for extracorporeal fertilization utilized in our labo ratory sim ulate these natural events in as precise a m anner as is technically pos sible.
Follicular Recruitm ent
Oocytes are collected following e ith e r a spontaneous or stim u la te d m en stru a l cycle. In a spontaneous cycle, tim ing for lap a ro sco p ic ovum re c o v e ry is b e st accom plished by horm onal m onitoring of th e p a tie n t's estrogen (E2) w ith concom ita n t u ltra s o u n d ex a m in atio n o f th e developing follicle. Patients are usually adm itted to the hospital w hen the follic ular diam eter is greater than 16mm (fig  ure 1 ). L aparoscopic ovum recovery is perform ed 28 hours after the onset of the LH surge w ith a final ultrasound exami nation carried out one to two hours prior to laparoscopy in ord er to d etect possible prem ature ovulation. 1 3 The m ajority of In Vitro Fertilization/ E m b ry o T ransfer (IV F /E T ) p ro g ram s advocate a m eth o d of control follicular h y p e rs tim u la tio n . A lth o u g h various treatm ent regim ens have been em ployed at various in stitu tio n s (i.e ., gonadotrophine releasing horm one (GnRH), folli cle stim u latin g h orm one (FSH ), F S H / LH , hum an m enopausal gonadotropin (HMG), clom iphen citrate (CC), and CC an d H M G ), th e p r e s e n t a u th o rs now u tiliz e , alm o st exclusively, e ith e r CC or H M G . 5 In clomiphene citrate stimulated cycles, clom iphene citrate, 50 mg, is adm inis tered orally on days 5 through 9 of the m e n s tru a l cycle. U ltra so n o g ra p h y is begun on day 1 0 of the m enstrual cycle and continued until the m ean diam eter of a dom inant follicle has reached 2 . 0 to 2 .2 cm a n d th e e s tro g e n lev e l has plateaued. Five thousand IU of hum an cho rionic gonad o tro p in (HCG ) is ad m in is tere d 24 hours prior to the anticipated ovum retriev al. 3 In H M G s tim u la te d cycles, th re e am pules p e r day are adm inistered intra m u sc u la rly b e g in n in g on day 3 o f th e m e n s tru a l cycle. H u m a n m en o p a u sa l g onadotropin is c o n tin u e d th ro u g h o u t and inclusive of day 7. Ultrasonography of the ovary is begun on day 8 and is continued until the day prior to ovum recovery. In addition, HM G is continued in a previously m entioned regim en until two follicles have reached a m ean diam e te r of 1.5 cm in th ree planes, at which tim e H M G is discontinued. H um an cho rionic gonadotropin, 5,000 IU, is adm in istered w hen the estrogen levels rem ain c o n s ta n t, ovum rec o v e ry b e in g p e r form ed 34 hours later. 2 M onitoring for the LH surge and ultrasonography on the day of ovum recovery are not routinely em ployed since a rise in estradiol follow ing the injection of H C G has not been associated w ith ovulation in our hands. The c u rre n t authors have found that the main advantage of H M G is a statistical increase in the n u m b er of follicles and ova obtained, fertilized and transferred.
F ig u r e 1. Ultrasonography of ovarian follicles used to measure ovarian follicular maturation.
Ovum R etrieval
Laparoscopy is perform ed u n d er gen eral anesthesia, utilizing an 8 mm lapa roscope and two p u n ctu re sites situated b e n e a th th e p u b ic h a irlin e . T h e first p uncture site is used for placem ent of a 55 mm a tra u m a tic g ra sp in g fo rcep s, which is used for traction on the uteroovarian ligam ent and subsequent stabi lization of the follicles against the pelvic sidew all. T h e a s p ira tin g n e e d le , c o n s tru c te d a fte r th e d e sig n of R enou in A u stralia, u tiliz e s a clo sed system for a sp ira tio n . A te flo n tu b in g is p a sse d throughout the stainless steel 1 C losed cir cuit aspirating system for follicular aspiration.
ture oocytes are aggregated in a compact fashion (figure 4). T h e se oo cy tes are in sem in ated 24 hours after aspiration. O n th e o th e r h a n d , p r e o v u la to ry or m a tu re o ocytes are c h a ra c te riz e d by loosely aggregated granulosa cells and are insem inated six to eight hours after retrieval. H yperm ature oocytes, charac terized by a m arkedly expanded corona lay e r w ith g ran u lo sa c ells show ing m arked cellular expansion and intercel lular spacing, are insem inated w ithin one to two hours of aspiration. 7 Sperm are collected by m asturbation. Sem en is allowed to liquify to room tem peratu re for 30 m inutes and w ashed in a m od ified so lu tio n o f H a m 's F-10 m edium . The sperm suspension is cen trifuged at 2 0 x g for five m inutes, and the supernatant discarded. Capaeitation of the sperm theoretically occurs w hen the intact pellet is layered w ith one ml of sperm washing m edium and incubated for one hour in five percen t C O £. The u p p e rm o s t la y e r of m o tile sp e rm are placed in a separate test tube, counted, a n d th e egg in s e m in a te d w ith 50 to 
A p p ro x im a tely 18 to 21 h o u rs a fte r insem ination, the egg is observed under the dissecting and inverted stereoscopic m icroscope for the presence of pronuclei and polar bodies. Usually, the cum ulus mass su rro u n d in g th e egg is m anually dispersed in o rd er that the presence of pronuclei and th eir n u m b er can be ascer tained. A bnorm al eggs containing three or m ore pronuclei (polypronuclear) are not tra n s fe rre d . cepti are then transferred into the uterus using a transfer cath eter which perm its the placem ent of the em bryo in 50 ml of tra n s fe r m e d ia a p p ro x im a te ly 0 .5 cm from the uterin e fundus (figure 6 ).
Indications for In V itro Fertilization
Originally, IV F-ET was designed for p a tie n ts w ith s e v e re tu b a l d ise a se , although the technique has expanded to include treatm en t of severe male factor infertility (oligoazoospermie male) as well as of couples who have not had an expla n atio n for th e ir in fe rtile s ta te (th e socalled idiopathic infertility group). Suc cess ra te s w ith th e s e g ro u p s h av e not been established (table I) . 6 Alternatively, recovery of oocytes can
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F ig u r e 6. P atient in k n e e -c h e st p o s itio n for em bryo transfer into the c a v ity o f an a n tifle x e d uterus.
be attem pted using ultrasonographically guided follicular aspiration. W hen folli cles a re c o n s id e re d m a tu re , an u ltr a sound transistor is placed on the p atien t's abdom en and is used to guide the needle that is introduced u n d er local anesthesia through a d istended filled bladder to the precise location of the m ature follicle. By this m ethod, oocytes may be recovered w ithout laparoscopy. This type of ovum aspiration may be com plicated by perfo ration of the pelvic viscera and possible initiation of tubo-ovarian abscesses.
E n c o u ra g in g re s u lts a re b e in g r e ported w ith the use of IVF for treatm ent of in fertility owing to m ale su bfertility and endom etriosis. O th er groups as well as our own group are exploring various m anipulations of laboratory protocols and sp erm c u ltu re m e d ia in th e h o p e th a t fe rtiliz a tio n ra te s u sin g sp e rm o f subo p tim al c h a ra c te ris tic s w ill b e im proved. 6 Because the n u m b er of infertile cou ples in the U nited States is increasing, the need for IV F-ET program s is appar e n t. T h e m ain c o n c e rn at th e p re s e n t tim e is d eterm ining what qualifications and types of facilities are necessary to provide optim al chances for successful outcom e. Ideally, IV F-ET should be p e r form ed and m anaged in a hospital set ting. W h eth er the procedure is carried out in a university research cen ter or in private com m unity hospitals, rigid stan dards and quality control m ust be m ain tain ed . 9 P redicting the Success R ate T here are no reliable criteria to predict which patient is m ore likely to achieve pregnancy as a result of in vitro fertiliza tion p ro ce d u re s. M aternal in crem en tal changes in estradiol levels seem to cor relate with higher successful pregnancy rates. An increase in estradiol after H C G adm inistration has a m uch b e tte r prog nosis than those patients w ith a decreas ing e s tro g e n lev els follow ing H C G a d m in is tra tio n . L ik ew ise, " h ig h " r e sponders w ith estradiol levels over 600 pg p er ml have pregnancy rates higher than patients w ith estradiol levels lower than 300 pg p er ml. A high estrogen/tes tosterone ratio in follicular fluid is like wise a sign of ovum m aturity.
Pregnancy rates may be related to the n u m b e r o f e m b ry o s re p la c e d in an in vitro fertilization cycle, (table II) .
At present, th ere is no clear morpho- P r e g n a n c i e s i n t h e I n ViXJio F e r t i l i z a t i o n P r o g r a m o f t h e H o s p i t a l o f t h e U n i v e r s i t y o f P e n n s y l v a n i a E m b r y o T r a n s f e r r e d ( # o f P r e g n a n t P a t i e n t s ) S i n g e l t o n T w in s E c t o p i c 2 ( 1 2 ♦R epresents one s e t o f tw ins and e c to p ic pregnancy in th e same p a t i e n t .
logic criteria which may be used to dif fe re n tia te oocytes w hich will re su lt in p re g n a n c y from o th e rs th a t w ill not.
O th e r fav o ra b le p ro g n o stic in d ices derived from follicular fluid analyses are h ig h lev e ls of a lp h a -a n titry p s in a n d increased vacuolization of the granulosa cells of th e cum ulus. 8 T he IV F-ET pregnancy rate has shown a steady increase since the first IV F-ET pregnancy occurred in England. In 1983 in the U nited States, using m ultiple oo c y te tra n sfe r, p re g n a n c y ra te s ran g e d from 20 to 30 p e r c e n t p e r tra n s fe rre d cycle. In A u stra lia an d E n g la n d , th e pregnancy success is about the same as that in th e U nited States.
At le a st six p re g n a n c ie s h av e b e e n achieved using eggs fertilized in vitro, frozen, and th en thaw ed prior to em bryo transfer. The technique em ployed con sists of in vitro fertilization and culture of th e conceptus to an eighth cell stage. T he em bryos are in crem en tally slowly cooled to tem peratures of -80° w ith liq uid nitrogen in the presence of 1.5 m olar dim ethylsulfoxide in phosphate buffered saline. At an appropriate, receptive tim e in th e w om en's cycle, the em bryos are then thaw ed and replaced in the uterus. The success of pregnancy following this protocol represents an initial success rate of 25 percent, following 24 em bryo trans fers. This technique avoids the necessity for rep e a te d laparoscopies to retrieve ova and has the added advantage of perform ing the transfer of em bryo during m en strual cycles w hen the wom an has not had surgery and induction of ovulation. It m ust be stressed that the use of frozen thaw ed em bryos, although successful, m ust still be considered experim ental.
In addition, the use of IV F/E T could conceivable be used for w om en who, for various reasons, are unable to produce th eir own oocytes b u t who still have a n o rm a l u te r u s w h ich w o u ld allow th e d e v e lo p m en t of em bryos. C onversely, w om en w ith norm al ovaries b u t w ithout u teri could conceivably produce a con cep tu s, having h e r g en etic c h a ra c te ris tics, and n u rtu re the same in a surrogate uterus. T he ethical issues in h eren t in this form of treatm en t m ust be resolved. 4 Indeed, any couple entering the IVF-E T p ro ce ss m u st u n d e rg o e x te n siv e c o u n se lin g e n u m e ra tin g th e risks and benefits of the procedure before begin n in g an IV F -E T cycle. R e se a rc h and treatm en t involving IV F-ET raise m any q u e stio n s of e th ic a l im p o rta n c e now being widely debated by the public as well as w ithin the m edical and legal com m u n itie s. A d isc u ssio n of th e s e issues will be m ade available by the Am erican College of O bstetricians and Gynecolo gists in the near future.
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